Although specimens of the type species Dirivultus dentaneus Humes & Dojiri, 1980a were described from a vestimentiferan not specifically associated with a hydrothermal vent field, species of dirivultids are now considered endemic to deep-sea hydrothermal vent ecosystems. Including the actions proposed in this paper, Dirivultidae currently consists of 51 species in 13 genera: 6 genera (Chasmatopontius Humes, 1990 , Fissuricola Humes, 1987 , Humesipontius Ivanenko & Ferrari, 2003a , Nilva Humes, 1987 , Rimipontius Humes, 1996 and Scotoecetes Humes, 1987 are monotypic; the genera Benthoxynus Humes, 1984, and Dirivultus Humes & Dojiri, 1980a each contain 2 species, Exrima Humes, 1987 and Rhogobius Humes, 1987 have 3 species; Ceuthoecetes Humes & Dojiri, 1980b , Aphotopontius Humes, 1987 , Stygiopontius Humes, 1987 have 4, 10 and 21 species, respectively. Studies over the last decade have extended our knowledge of Dirivultidae beyond descriptions of adults. All copepodid stages have been reported in plankton over hydrothermal vents (Ivanenko, 1998) ; a non-feeding lecithotrophic nauplius was described (Ivanenko et al., 2007) ; their feeding behaviours have been observed (Heptner & Ivanenko, 2002) and their spatial distributions were studied on different substrates from the Juan de Fuca Ridge of the north-east Pacific Ocean and East Pacific Rise at 98N (Tsurumi et al., 2003; Gollner et al., 2007) . The distributional range of the family appears to extend as far as 58S on the Mid-Atlantic Ridge (Ivanenko et al., 2006) .
In this paper, a new species of the genus Exrima is described, and the taxonomic status of four species is revised. One species of Aphotopontius and two of Stygiopontius are synonymized, and one species of Aphotopontius is transferred to Rhogobius. A key is provided for the genera of Dirivultidae. A number of unknown dirivultid copepodids at stage 1, as well as lecithotrophic nauplii identified tentatively as dirivultids, are reported from the sediment trap samples deployed in the vicinity of hydrothermal vent communities of the East Pacific Rise (138N). After publications of Humes (1999a -c) , this is the fourth paper describing new species of copepods from hydrothermal vents of the eastern Pacific (Ivanenko & Ferrari, 2003a; Ivanenko & Defaye, 2006b; Gollner et al., 2008) .
M A T E R I A L S A N D M E T H O D S
The copepods of the new species from the East Pacific Rise, 138N were collected in 1999 by sediment traps that were deployed during the HOPE cruise and recovered two months later during the AMISTAD cruise on the research vessel (RV) 'L'Atalante'. Four specially designed traps (PPS 10, PPS 20, PPS 30 and PPS 40) were anchored over the bottom, in close proximity to hydrothermal vents to collect detrital particles and small planktonic organisms. Experiment setting details are given in Table 1 . The sediment trap samples were automatically fixed daily in flacons filled with a solution of NaCl, DMSO and bromophenol blue.
The copepods were studied using the 'hanging drop method' of Humes & Gooding (1964) as modified by Ivanenko & Defaye (2004) . All measurements and dissections were made in lactic acid. Dissections were made under a Leica MZ8 dissecting microscope. Prior to examination with a compound light microscope, Leica DMLB, specimens were cleared in lactic acid and stained in a solution of chlorazol black E. Prepared specimens were examined with bright-field or differential interference contrast optics. Drawings were made with a camera lucida. The holotype was mounted on a slide in glycerol for long-term preservation and sealed with Eukitt (O. Kindler GmbH & Co). Descriptive terminology is from Ivanenko et al. (2008) ; homologies of limb segments follow . 
R E S U L T S

SYSTEMATICS
etymology
The specific epithet is derived from the family name of T. Chad Walter at the Smithsonian Institution's National Museum of Natural History, Washington, DC who substantially contributed to the development of digital information on Copepoda.
Holotype female Body (Figure 1 A, B) cyclopiform, elongate. Total length (body plus caudal ramus), excluding caudal setae, 1.52 mm; greatest width 0.53 mm. Shield of cephalothorax and tergites of following three somites pointed posteriorly (Figure 1 B, D, E) . Urosome 5-segmented ( Figures 1A, B & 2A -C): anterior somite bearing leg 5, genital double-somite and three abdominal somites (last is the anal somite). Anterior somite with one dorsal and two lateral conical extensions (Figure 2A ). Genital double-somite (posterior thoracic somite fused to anterior abdominal somite) with spine-like lateral projections near posterior edge; gonopores lateral on the anterior half of the somite, copulatory pores ventral to the gonopores (Figure 2 A, B, D, E). Anal somite bearing caudal rami ornamented with rows of denticles on ventral and dorsal sides near the posterior edge; anal opening dorsal near the posterior margin. Rostrum (Figure 1 B, C) rounded, slightly pronounced ventrally, fused with shield of cephalothorax.
Oral cone (Figure 1 B, C) short and robust, its opening formed by labrum and labium.
Caudal ramus (Figure 2 F, G) with six setae and a row of flattened denticles on ventral side near the posterior edge; two lateral setae in distolateral position; innermost terminal seta with denticles on inner side.
Antennule (Figure 3 A, B) 11-segmented. Proximal segment longest with fifteen medial setae of unequal lengths. Segment 2 with twelve medial setae, two setae small. Segment 3 with a pair of setae near mid-length and a pair distally. Segments 4-7 with two setae, one seta near mid-length, second seta near distal edge. Segment 8 with one seta at midlength and one seta and one aesthetasc near distal edge. Segment 9 with one mid-length and one distal seta; segment 10 with mid-length and distal pair of setae each medially and laterally. Distal segment with four lateral setae and three setae and one aesthetasc terminally. All setae smooth.
Antenna ( Figure 3C , D): small coxa without ornamentation, lateral margin of elongate basis with row of slender denticles. Exopod small, 1-segmented, with one smooth terminal seta. Endopod 2-segmented; proximal segment elongate, with row of slender denticles on outer margin, without setae; distal segment short bearing four setae, lateral margin with one seta and a row of denticles, two elongate terminal setae with setules.
Mandible ( Figure 2H ): gnathobase stylet-like, flattened distally, with terminal teeth of unequal size and a row of small teeth on distal margin.
Maxillule ( Figure 3E ): coxal endite bearing one short and four stout, long setae; basis with three long setae; all long setae with setules.
Maxilla ( Figure 3F ): syncoxa flattened, with long seta with setules on coxal endite; basis elongate with apical denticles.
Maxilliped ( Figure 4A ) 4-segmented, syncoxa and basis each with inner seta with setules. Proximal endopodal segment complex with two very short posterio-proximal and two long unequal posterio-distal setae with setules; distal segment with denticles and two terminal setae, one longer and thicker with serrate inner margin.
Swimming legs 1-4 (Figures 4B -D & 5A -C) with 3-segmented rami except for leg 4 with 2-segmented endopod ( Figure 5C ). Margin of basis expanded medially and distally on swimming legs 1-3, and medially in swimming leg 4. Distal endopodal segments of legs 1 -4 wider than exopodal, with denticles as shown in figures. Basis of leg 1 armed with stout inner spine-like seta ( Figure 4B ). Leg 4 (
Figure 5B, C): inner seta of proximal segment of exopod smooth; terminal seta of distal endopodal segment near medial edge of broad terminal margin. Formulae for armature of legs in Table 2 .
Leg 5 
remarks
The new species belongs to the genus Exrima that is determined by the combination of the following features partly shown in the newly designed key to the genera of Dirivultidae: female urosome with five abdominal somites including anal somite (Chasmatopontius with three abdominal somites including anal somite); rostrum weakly developed (projecting anteriorly in Dirivultus); caudal ramus with six setae (five setae on Rimipontius); proximal fifteen setae on female antennule on one segment (on two segments in Ceuthoecetes and Nilva); three segments in Chasmatopontius, Stygiopontius and Fissuricola; three or eight segments in Benthoxynus (see Humes, 1989a) ; antennal exopod of female has a simple seta (1-segmented on all other genera); distal antennal endopod with one terminal seta long and slender (modified to claw in Ceuthoecetes, Dirivultus and Nilva); 2-segmented maxilla (3-segmented in Dirivultus or vestigial in Fissuricola) with syncoxa bearing seta on coxal endite (seta absent in Ceuthoecetes, Dirivultus, Nilva, and Rhogobius); endopod of swimming leg 4 is 2-segmented (endopod absent in Humesipontius); setal formula of leg 4 endopod: 0-0; I-0 (0-1; I-1 in Aphotopontius and Rhogobius and 0-0; I-1 in Ceuthoecetes, Dirivultus, Nilva, Scotoecetes, and Stygiopontius and 0-1; I-3 in Fissuricola and 0-0; 0-3 in Chasmatopontius).
The derived features of the new species Exrima walteri sp. nov. that clearly distinguish it from two congeners (E. singula Humes, 1987 and E. dolichopus Humes, 1987 ; both from the East Pacific Rise) are: three stout conical extensions (one dorsal and two lateral) on the first urosomite (E. singula and E. dolichopus without extensions); broad distal endopodal segment of swimming leg 4 (simple, cylindrical on E. singula and E. dolichopus).
key for the genera of the dirivultidae * , chain 1; 1 C, MoMARETO, dive 303, ASPI8, chain 1; 1 C, MoMARETO, dive 303, ASPI6, chain 7; 1 C, MoMARETO, dive 303, PBT2, chain 1; 1 C, MoMARETO, dive 303, PBT4, chain 8; 1 C, MoMARETO, dive 303, ASPI4, chain 6; 2 C, MoMARETO, dive 303, PBT3, chain 1; 4 C, MoMARETO, dive 303, PBT5, chain 10; 17 C, MoMARETO, dive 303, PBT2, chain 1; 21 C, MoMARETO, dive 303, PBT1, chain 6; 33 C, 11 copepodid stage V (C), MoMARETO, dive 303, PBT3, chain 1; 37 C, 22 copepodids stage V (C), MoMARETO, dive 303, PBT3, chain 1; 103 C, 54 copepodids stage V (C), 1 copepodid stage IV, MoMARETO, dive 303, PBT1, chain 6; 162 C, 11 copepodids stage V (C), MoMARETO, dive 303, PBT1, chain 6; 37 F, MoMARETO, dive 304, ASPI3, chain 4; 1 C, MoMARETO, dive 304, ASPI6, chain 2; 8 C, MoMARETO, dive 304, ASPI4, chain 4; 1 C, MoMARETO, dive 304, ASPI5, chain 2; 2 C, MoMARETO, dive 04, PBT2, chain 3; 2 C, MoMARETO, dive 304, PBT4, chain 2; 4 C, 146 copepodid stage V (C), 8 copepodid stage IV, MoMARETO, dive 304, PBT1, chain 4; 108 C, 22 copepodids stage V (C), MoMARETO, dive 304, PBT5, chain 10; 313 C, 11 copepodid stage IV, MoMARETO, dive 304, PBT2, chain 3; 313 C, MoMARETO, dive 304, PBT2, chain 3; 492 C, 11 copepodid stage V (C), MoMARETO, dive 304, PBT1, chain 4; 21 copepodid stage V, 1 copepodid stage IV, MoMARETO, dive 304, PBT4, chain 2; 60 F, MoMARETO, dive 305, ASPI2, chain 11; 253 C, 134 F, MoMARETO, dive 305, ASPI3, chain 5; 13 C, MoMARETO, dive 305, PBT3, chain 12; 1 C, MoMARETO, dive 305, PBT4, chain 5; 2 C, MoMARETO, dive 305, ASPI1, chain 11; 2 C, MoMARETO, dive 305, PBT5, chain 11; MoMARETO, dive 305, PBT5, chain 11; 1 C, MoMARETO, dive 306, ASPI1, chain 9; 1 F, EXOMAR, dive 252, PBT1; 5 F, EXOMAR, dive 253, ASPI2, chain 2; 5 F, EXOMAR, dive 253, ASPI3, chain 2; 7 F, EXOMAR, dive 253, ASPI4, chain 5; 9 F, EXOMAR, dive 253, PBT1, chain 5; 1 C, 13 F, EXOMAR, dive 253, PBT1, chain 2; 22 F, MoMARETO, dive 305, PBT2. All specimens were preserved in 70% ethanol and stored in Ifremer.
previous reports
Mid-Atlantic Ridge: 378N, sites Lucky Strike and Menez Gwen (Humes, 1996 (Humes, , 1997 Humes & Segonzac, 1998) ; 148N, Logatchev hydrothermal field (Ivanenko et al., 2006) .
remarks
Aphotopontius atlanteus Humes, 1996 is found in hydrothermal vent communities throughout the Mid-Atlantic Ridge, and apparently is a widespread species. The adult female of A. atlanteus has an urosome of five apparent somites. Leg 6 is a bud with two setae located laterally in the middle of the second somite (Humes, 1996;  Figure 5C , D); this location suggests that the genital somite has fused to the anterior abdominal somite to form the genital complex of the adult female. The adult female of A. temperatus has an urosome of five apparent somites but second somite lacks genital openings; leg 6 is a bud with 1 seta located laterally but posteriorly on the second urosomite (Humes, 1997; Figure 1B, C) . This location of leg 6 and the absence of genital openings suggest that the genital somite has not yet fused with the anterior abdominal somite to form a genital complex. This fusion will take place during the molt to the copepodid VI (adult female). The adult female of A. temperatus appears to be a copepodid V female of A. atlanteus (Table 3) .
Specimens reported as copepodid V females of A. temperatus have an urosome of 4 apparent somites and also lack genital openings (Humes, 1997; Figure 4B-D) . The rami of the swimming legs 1-4 on these specimens are 2-segmented (Humes, 1997; Figures 4H & 5A-C); leg 6 is a bud with 1 seta located medially and posteriorly on the second somite (Humes, 1997; Figure 4C, D) . This location, the number of urosomites and the segmentation of swimming leg rami suggest that these specimens are copepodid IV of A. atlanteus (Table 3) .
The original description of A. temperatus was supplemented with description of the adult male. The adult male of A. temperatus shows no clear distinctions from the described adult male of A. atlanteus. Specimens reported as copepodid V males of A. temperatus have an urosome of five apparent somites and lack genital openings. The rami of swimming legs 1-4 are 3-segmented; leg 6 is a bud with two setae located medially and posteriorly on the second urosomite. These attributes suggest that the specimens are copepodid V males of A. atlanteus (Table 3) .
Aphotopontius temperatus Humes, 1997 was considered as suggested without comment on a junior synonym of A. atlanteus by Ivanenko & Defaye (2006a) . The dorsolateral position of leg 6 on females of copepodid stage V, the usual location on most siphonostomatoid copepodid V females, is ventrolateral (Ivanenko et al., 2001; Ivanenko & Ferrari, 2003b; Ferrari & Dahms, 2007) , complicates the separation of the female copepodid V and copepodid VI. The presence of genital openings defines copepodid VI females and males of all copepods. The unusual dorsolateral position of the leg 6 on females of copepodid V also is shared with two species of Stygiopontius considered in this paper and appears to be a derived state at least for these two genera of Dirivultidae. Copepodid VI males of A. atlanteus have been observed in copula with copepodid stage V females (V.N.I., personal observations) and this behaviour may lead to the incorrect identification of copepodid stage V females as copepodid stage VI females (Table 3) .
Stygiopontius Humes, 1987
Stygiopontius sentifer Humes, 1987 Humes, 1987 Humes, 1996 (Copepoda: Siphonostomatoida: Dirivultidae).
Aphotopontius temperatus Humes, 1997
Aphotopontius atlanteus Humes, 1996 Described as copepodid VI female (Humes, 1997;  
locality reported
East Pacific Rise, 98N, 138N and 218N (Humes 1987 (Humes , 1989b Humes & Segonzac, 1998; Ivanenko & Defaye, 2006a) .
Stygiopontius pectinatus Humes, 1987 Humes, 1987 Ivanenko & Defaye, 2006a: 341, figure 2 . Stygiopontius bulbisetiger Humes, 1996: 641 -644, figures 21 -22; Ivanenko & Defaye, 2006a: 341. type material examined 
Marianna Back-Arc Basin (Humes, 1990) ; Mid-Atlantic Ridge: 48S, 238N, 268N and, 298N (Humes, 1987 (Humes, , 1996 Ivanenko, 1998; Ivanenko et al., 2006) .
remarks
Stygiopontius lumiger Humes, 1989b and S. bulbisetiger Humes, 1996 known only from females are synonymized respectively with S. sentifer and S. pectinatus as suggested without comment by Ivanenko & Defaye (2006a) . Adult females of S. lumiger and S. bulbisetiger are considered the female copepodid V of S. sentifer and S. pectinatus, respectively. The genital somite of adult females of S. lumiger and S. bulbisetiger lack genital openings and leg 6 is represented by one seta located laterally on the posterior part of the somite. The logic of the analysis follows that for A. atlanteus.
Rhogobius Humes, 1987
Rhogobius rapunculus (Humes & Segonzac, 1998) (Ivanenko & Defaye, 2006a) . In addition, Rhogobius rapunculus (Humes & Segonzac, 1998) , as well as its congeners R. contractus and R. pressulus:
(1) possesses setal formula of leg 4 endopod (0-1; I) identical to all species of Aphotopontius; and (2) lacks a seta of the coxal endite of the maxilla, an attribute that these species share with all species of Ceuthoecetes, Dirivultus and Nilva, as well as with most copepods of the order Siphonostomatoida (see Mahatma et al., 2008) . Table 4 ). All specimens were preserved in 70% ethanol and stored in the Muséum National d'Histoire Naturelle, Paris.
remarks A large number of dirivultid copepodids I and some lecithotrophic nauplii identified as Dirivultidae have been recovered from sediment trap samples from around deep-sea hydrothermal communities of the East Pacific Rise, 138N. More specimens of dirivultid copepodid I were collected in the sediment traps than any other copepodid stage, including adults, or any other category of invertebrates such as polychaetes, gastropods, amphipods, ostracods, and decapod larvae.
The first record for a dirivultid copepodid I is from the Atlantic Ocean in plankton samples taken over a hydrothermal vent on the Mid-Atlantic Ridge between 2260 and 2280 m at 29810 ′ N 438 10 ′ W (Ivanenko, 1998) . Later lecithotrophic dirivultid nauplii, without labrum or mouth, were hatched in shipboard aquaria from embryo sacs of the female dirivultid Stygiopontius pectinatus Humes, 1987 that had been washed from freshly collected specimens of the shrimp Rimicaris exoculata from the Mid-Atlantic Ridge at 58S (Ivanenko et al., 2007) . The dirivultid copepodids I were found with a few other juvenile dirivultid copepodid stages and adults of Rimipontius mediospinifer, Stygiopontius cladarus and S. pectinatus. Specimens of copepodid I are characterized by different body lengths, and presumably represent different species of dirivultids. Lecithotrophic nauplii tentatively identified as dirivultids co-occurred with these copepodids.
Specimens of copepodid I and co-occurring nauplii from the East Pacific Rise were found in samples that included several species of adult dirivultids (Exrima walteri sp. nov., Exrima singular, Aphotopontius sp., Stygiopontius sp., Ceuthoecetes sp., Humesipontius arthuri Ivanenko & Ferrari, 2003a and Scotoecetes introrsus Humes 1987), as well as adult harpacticoids belonging to Tegastidae (Smacigastes sp.) and copepodid I of Cerviniidae, cyclopoids belonging to Cyclopinidae (Barathricola sp.), poecilostomatoids belonging to Oncaeidae (Oncaea cf. praeclara Humes, 1988) , the mormonilloid Neomormonilla extremata (Ivanenko & Defaye, 2006b) , and adults and copepodid I of Misophriidae (Misophrioida). Remarkably only one copepodid stage 2 and no other subadult stages of Dirivultidae have been observed in the samples collected by the sediment traps. Nauplii were found usually in the sediment traps that were farthest from hydrothermal vents and 50 m above the hydrothermal field.
Juvenile copepodids of dirivultids were found in largest numbers in sediment traps that were closest to the hydrothermal field. Our observations and cultivation of shallow water siphonostomatoids suggest that copepodid I of dirivultids may not feed despite possessing a well-developed feeding apparatus if it retains naupliar yolk and moults to copepodid II relatively quickly (Ivanenko et al., 2001; Ivanenko & Ferrari, 2003b ). It appears that copepodid I specimens develop from nauplii that occur higher in the water column above the hydrothermal field. The presence of nauplii higher in the water column may happen if females with embryo sacs migrate upward before releasing embryos, although it is also possible that nauplii of dirivultids were insufficiently collected in the sediment traps on which dirivultid copepodid I specimens were found. The absence of juvenile dirivultid copepodids of later stages in the plankton samples over hypothermal fields suggests that copepodid I is either the settlement stage or the stage that associates with sediment flock collected by the sediment traps (Ivanenko et al., 2007) .
